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中的重要中间产物。同时 NO 的吸附具有结构敏感性，利用 NO 作为探针分子可
以探测不同的电极表面结构，有助于筛选高性能的催化剂。本论文运用电化学循环
伏安、原位红外光谱等技术研究了酸性介质中吸附态 NO 和溶液相 NO 在纳米 Pt 
电极表面的还原和氧化过程，将 NO 作为探针分子研究了不同结构纳米 Pt 电极的
表面结构效应，并初步探索了 CO 和 NO 在 Pt 电极上的共吸附条件。主要结果
如下： 
 1. Pt 电极表面吸附态 NO (NOad) 在 SNIFTIRS 谱图中给出两对左高右低的
双极谱峰。正向谱峰峰位位于 1809 cm-1，负向谱峰峰位约为 1720 cm-1 的双极峰归
属于线式吸附态 NO (NOL)；而正向谱峰在 1636 cm-1，负向谱峰约为 1610 cm-1 的
双极峰对应桥式吸附态 NO (NOB)。首次观察到 NO 吸附在 Pt 纳米电极给出谱峰
方向倒反，半峰宽增加和谱峰强度增强的异常红外光谱特征。 
2. NO 在开路电位 (0.60 V) 即能稳定吸附在 Pt 电极表面，随着电极电位降
低，NOL 优先被还原，产物主要为 N2O 和 NH4+，当 NOL 脱附后，NOB 并不会
扩散到线性吸附位。当电极电位降低到 -0.05 V 时，NOB 开始被还原，其产物只有 
NH4+。吸附态 NO 在氧化过程中只有约 3/4 的 NOad 会被氧化，生成产物为 NO3-；
在进一步的还原过程中能检测到 NH4+ 和 N2O 的红外信号，说明未被氧化的部分 
NO 同时以线性和桥式吸附形态吸附在电极表面。 
3. 在 NO 饱和的 0.1 M H2SO4 溶液中，溶液相 NO 和 Pt 电极表面吸附态 
NO 会同时参与反应。在氧化过程中，吸附态 NO 和溶液相 NO 均被最终氧化成
溶液相物种 NO3-；而在还原过程中，当电位高于 0.35 V (vs. SCE) 时，反应体系受
动力学控制，此时主要生成 N2O，进一步降低电位，将伴随着 N2 和 NH4+ 的产生。 
4. 对比研究了聚集体 Pt 纳米粒子、刺球 Pt 纳米粒子和 Pt 二十四面体纳米
晶体对吸附态 NO 和溶液相 NO 的电催化还原性能。研究结果表明，吸附态 NO 
的还原是一个结构敏感的反应，纳米电极表面结构越开放，NOL / NOB 也越大，即


















结构和 Pt 纳米刺球电极表面高密度原子台阶，使得它们对 NO 分子的还原表现出
更高的催化活性。 
5. 初步探索出 CO 和 NO 在本体 Pt 电极表面形成共吸附层的条件。当 Pt
电极表面预吸附饱和的 NO 后，CO 仍能吸附在电极表面。而只有当 Pt 电极表
面预吸附饱和的 CO 被部分氧化后，NO 才能吸附到电极表面上。实验结果表明，
CO 和 NO 在本体 Pt 电极表面的共吸附是一个竞争吸附的过程。 
本文研究了酸性溶液中 NO 在本体 Pt 和纳米 Pt 电极表面的电化学行为，并
从分子水平上研究了相关过程的反应机理，在环境治理方面具有理论指导意义。同
时 NO 和 CO 均可作为探针分子检测不同的纳米表面结构，对筛选出能有效地将 
NO (CO) 转换成环境友好物质的电催化剂具有重要价值。 
 















In the process of waste water treatment, NO is a key intermediate in the catalytic 
study. NO can also be served as a model molecule to study the surface structure of the 
electrode, which is helpful to prepare high performance catalysts. The reduction and 
oxidation process of both adsorbed NO and solution NO on the Pt nanocrystals in acid 
media and the surface structure effect of Pt nanocrystals were studied by using cyclic 
voltammetry (CV) and in situ FTIR spectroscopy (in situ FTIRS). The main results are 
summarized below. 
1. Two types of NO species can be adsorbed on the surface of Pt electrode. The in 
situ SNIFTIRS results confirmed the assignment of two kinds of NO adsorbate, i.e. the 
NOB species yielding a IR absorption bipolar band with its positive-going peak at 1636 
cm-1 and negative-going peak around 1610 cm-1 and the NOL species giving rise to a 
bipolar band with its positive-going peak at 1809 cm-1 and negative-going peak around 
1720 cm-1. The abnormal infrared effects of nanomaterials are also confirmed for the 
adsorption of NO. 
2. NO can be adsorbed stably on the Pt electrode at the open circuit potential (0.60 
V). As the potential decreases, NOL is reduced firstly, and the products are N2O and 
NH4+. NOB who can only be reduced to NH4+ will not diffuse to the linear adsorbed sites 
as the potential continues to decrease after the dissociation of NOL. The oxidation of 
adsorbed NO (NOad) yields NO3- directly. However, NOad can’t be dissociated from the 
Pt electrode completely after oxidation. 
3. In the NO-saturated 0.1 M H2SO4 solution, both adsorbed and solution NO will 
participate in the reaction. It is observed that the ultimate products of both adsorbed and 
solution NO is NO3- in the process of oxidation; while in the process of reduction, the 
reaction is controlled by kinetics at higher potentials (> 0.35 V(vs. SCE)), and N2O is the 
main product. N2 and NH4+ will also be produced as the potential continues to decrease. 


















nanoparticles (Pt-NP) were prepared and used as catalysts to study the electrocatalytic 
reduction of both adsorbed and solution nitric oxide. The structure sensitivity for the 
reduction of a saturated NO adlayer on the Pt nanocrystals (NCs) of different shape was 
studied by cyclic voltammetry (CV) in sulfuric acid solutions. The results revealed that 
the process of NOad reduction is structure sensitive. It has determined that the NOL 
species can be preferentially formed on the Pt NCs with open surface structure, i.e. the 
more open the surface structure of the Pt NCs, the larger the relative quantity of NOL 
versus NOB. It has revealed that the Pt NCs with a high surface density of atomic steps 
(eg. Pt-THH and Pt-Thorn) exhibit much higher catalytic activity for the reduction of 
solution NO than that of congeries of Pt nanoparticles.  
5. The condition on how to form coadsorbed NO and CO is explored. When the 
electrode is saturated with NOad, COad can still be formed on the electrode. However, 
only when the electrode is not saturated with COad，can NO be formed on the electrode. It 
is revealed that competitive adsorption is existed between NO and CO. 
The electrochemical behavior of NO on the Pt nanocrystals electrode in acid media 
is studied, and the results obtained in this thesis have thrown a light on elucidating the 
reduction and oxidation mechanism of NO on Pt surfaces at a molecule level. The current 
studies play an importance theoretical guiding role in environmental governance. Both 
NO and CO can served as a probe to study the surface structure effects of Pt nanocrystals, 
which is valuable for screening catalysts.  
 
Key words: Nitric Oxide；nanostructured Pt electrode；adsorption；reduction and 












Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
